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Excited states of the125La and 127La nuclei were populated following112Sn(16O,p2n! and 112Cd(19F,4n!
fusion-evaporation reactions, respectively, and investigated using methods of in-beamg-ray spectroscopy. Five
collective bands in125La, and eleven collective bands in127La were observed. The spin and/or parity assign-
ments of excited states in these nuclei were based on angular-correlation and linear-polarization measureme
The experimental data are discussed and compared to the results of self-consistent total-Routhian-surfa
calculations including quadrupole pairing.

PACS number~s!: 21.10.Re, 23.20.Lv, 27.60.1j, 21.60.Ev
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I. INTRODUCTION

Neutron deficient nuclei from the massA;130 region
have been the subject of many experimental studies. T
even-even nuclei from this region were one of the first e
amples ofg-soft nuclei@1#. Furthermore, odd-A La isotopes
with A5125 to 137 were the first cases@2# where decoupled
rotational bands were identified and interpreted in terms o
particle coupled to a triaxial even-even core@3#. Recent spec-
troscopic data also reveal many other phenomena of top
interest, such as shape coexistence,g-vibrational bands, sig-
nature inversion, and band termination effects.

In the language of the deformed shell model, the varie
of structures observed in theA;130 mass region can be
associated with opposite shape driving forces due to vale
protons and neutrons, respectively~see Ref.@4#!. Valence
protons, filling the lower part of theh11/2 subshell, tend to
stabilize nuclear shapes at prolate deformations, while
valence neutrons, being at or above theh11/2 midshell, favor
oblate or triaxial shapes. Such a situation leads to a sh
coexistence phenomenon with the resulting equilibriu
shapes as well as the shapes of local potential wells stron
depending on the underlying proton and neutron shell str
ture and pairing properties. Thus it is expected that the sp
troscopy of these nuclei would provide rich data from whic
sensitive studies could be made of effective/residual nucl
interactions, adiabacity/diabacity of nuclear motion, rotatio
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vibration couplings, and formation of collectivity.
The present investigation of the125La and 127La nuclei

was triggered by the previous observation@5# of an unusually
fast 15/22→11/22E2 transition in127La, implying enhanced
collectivity, but followed by a drop in collectivity above the
15/22 level. This research will be presented in two parts.
the current paper, the level schemes including the band str
ture of 125La and 127La will be presented; this includesg-
g coincidence studies as well as angular-correlation a
linear-polarization measurements. Eleven bands were
served in127La and five bands in125La. The detailed quasi-
particle structure of these bands is interpreted by means o
self-consistent total Routhian surface~TRS! model. A second
paper@6# will present the results of a detailed set of reco
distance~RDM! lifetime measurements in125La and 127La.
A collective core-quasiparticle coupling model@7# will be
used to discuss the excitation energies andE2-M1 transition
rates for low-spin states of both positive and negative par
bands.

Preliminary results@8# of the current work have been re-
ported. An independent study of the127La level scheme by
D. Ward et al. @9# has also been made. The two studies
127La are complementary in several respects; there is m
information about high-spin levels in Ref.@9#, while the cur-
rent study includesg-ray polarization measurements. Resul
from both studies of127La and the present results of125La
are used in the theoretical interpretation.
137 © 1996 The American Physical Society
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II. EXPERIMENTAL PROCEDURE

A. g-g coincidence measurements

Excited states of125La were populated following the
112Sn(16O,p2n! reaction at a beam energy of 79 MeV. A 2.
mg/cm2 thick 112Sn target, backed with208Pb to stop the
recoil nuclei, was employed. The Stony Brook array consi
ing of 6 Compton-suppressed Ge detectors and a 14 elem
bismuth germanate~BGO! multiplicity filter was used to col-
lect g - g coincidences. To reduce the intensity of the bac
ground radiation fromb-decay and Coulomb excitation, dat
were recorded only when two or more BGO detectors fire

The level scheme of127La was studied using the
112Cd(19F,4n! reaction at a beam energy of 85 MeV. A
mg/cm2 thick 112Cd target backed with208Pb was used. Data
were collected using the TESSA-3 array, consisting of
Compton-suppressed Ge detectors and a 50-element B
multiplicity/sum energy filter@10#, which was located tem-
porarily at Stony Brook.

The level schemes were constructed using coincidence
lationships and relative intensities. In order to determine t
multipolarity of the transitions, angular correlations of th
g rays were measured using the DCO~directional correlation
of oriented states! method~see Ref.@11#!. For both experi-
ments, data from the detectors positioned perpendicular
the beam axis~at u'90°) were sorted against data from th
forward/backward detectors near the beam axis~at u'30°,
150°) in an asymmetric DCO matrix. To extract the DC
ratios, gates were set on the well-known stretchedE2 tran-
sitions on both axes.

B. Polarization measurements in127La

Taking into account the limitations of the DCO metho
regarding parity, linear polarizations ofg rays from 127La
were measured at Stony Brook utilizing a 53Ge Compton
polarimeter with kinematic selection. The same target a
reaction as in theg-g coincidence experiment were used
The g-ray polarizations were measured in singles mod
which limited the method to the strongestg lines in the
spectrum. The central scattering detector of the polarime
was positioned with its axis atu590° with respect to the
beam axis and 20 cm below the target. Four analyzing det
tors were placed in a plane perpendicular to the central
tector axis, at a distance of 7 cm, two of them perpendicu
to the reaction plane~the reaction plane is defined by th
beam axis and scattering detector! and two of them in the
reaction plane. The Compton scattering events, i.e., coin
dences between the central and one of the analyzing de
tors, were recorded on magnetic tape. Theg-ray energy
peaks were extracted by the summation of the energies
posited in the coincident scattering and analyzing detecto
Typical resolutions obtained from source tests were FWH
'3 keV for the 1408 keV152Eu g ray. In order to enhance
the peak/background ratio, events which did not fulfill th
Compton kinematic scattering conditions for the polarimet
geometry were excluded in the event sorting~see Ref.@12#!.
Data were sorted into two spectra, one for the scatterer p
analyzers perpendicular to the reaction plane and the ot
for the scatterer plus analyzers in the reaction plane. T
definition of the linear polarization used in this paper is
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P~u!5
W~u,0°!2W~u,90°!

W~u,0°!1W~u,90°!
, ~1!

whereW(u,c) is the yield ofg rays which are emitted at an
angleu relative to the beam axis and having a polarizatio
vector in the plane at an anglec relative to the reaction
plane. An experimental asymmetry~see Ref.@13#! is defined
as

A~u590°,Eg!5
N'~Eg!2Ni~Eg!

N'~Eg!1Ni~Eg!
, ~2!

whereN'(Eg) is the measured intensity of theg line in the
first spectrum, andNi(Eg) is the measured intensity of the
g line in the second spectrum. The asymmetry is related
the polarization defined above@Eq. ~1!# by

P5
1

Q
3A, ~3!

whereQ is sensitivity of the polarimeter. The sensitivity o
the polarimeter was calibrated using the strong transitio
with known multipolarities observed in the experiment. Th
calibration sensitivity curve is presented in Fig. 1. It wa
found that the experimental sensitivity of the polarimeterQ
normalized to the sensitivity of a polarimeter made of idea
ized point like detectorsQ0 is nearly energy independent and
equalsQ/Q050.85(10). This conclusion agrees with the
calibration results for similar polarimeters~see Ref.@14#! and
allowed interpolations of the calibration curve.

III. EXPERIMENTAL RESULTS

A. Spin/parity assignments for the 127La excited states

The level scheme derived for the127La nucleus is pre-
sented in Fig. 2. In comparison to the earlier work@5#, nine
new collective structures have been extracted from t
present data; the current experiment confirms the transit
order in the yrast cascade~band 1! and side band 4. Intensity
relations and cross-over transitions of the present experim
between bands 2 and 3 resulted however in changes in
order of transitions for the low energy part of band 2. Th
measured energies, DCO ratios, and polarizations as wel
spin/parity assignments for the excited states in127La are
summarized in Table I. Multipolarities of theg rays were

FIG. 1. 53Ge detector polarimeter sensitivity calibration.
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FIG. 2. 127La level scheme.
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determined by comparing the experimental DCO ratio a
polarization values with those calculated for various possib
spin/parity hypotheses@11#. The results of the DCO calcu-
lation for the 991-keV transition are displayed in Fig. 3
which is presented as a typical example. Figure 4 shows
polarization calculated@13# for different initial and final
spin/parity possibilities for the 991-keV transition. The ad
vantage of combining the DCO and polarization measu
ments can be seen from Fig. 3 and Fig. 4. The DCO funct
depends on the multipolarity but not on the electric or ma
netic character of the transition. Conversely, the sign of t
polarization depends on the type of the transition~see Fig.
4!; for instance, with dipoles the polarization is negative f
a pure stretchedM1 and positive for a stretchedE1 transi-
tion. In Fig. 5, experimental spectra from the polarizatio
experiment are shown as an example. Although the DC
ratios for the 458-keV and 991-keV transitions are simil
(RDCO'1), but, as Fig. 5 shows, these twog rays have
opposite signs of the polarization. This method for spi
parity assignments is not able to distinguish between tran
tions with DI511 andDI521 ~see Figs. 3 and 4!. In
cases of such ambiguity the solution in which spin increas
with energy was chosen.

The level scheme obtained from the experimental data
similar to the results of the independent study of Ref.@9#,
although differences occur in spin assignments of seve
levels, which will be discussed. The spins of the yrast ca
cade~band 1! were known from the earlier study~see Refs.
@5,2#!. The DCO ratio for the 1208-, 1213-, and 1339-ke
transitions suggestuDI u<1. The positive polarization mea-
sured for the 1208-keVg ray suggests a stretchedE1 char-
acter. In other cases, multipolarity assignments are ambi
ous; the allowed spins in the current study are given in F
2.

The spins assigned to band 4 are different from tho
proposed in Ref.@5# but are consistent with Ref.@9#. For the
991-keV transition, theRDCO value and large negative polar
ization ~see Fig. 5! exclude all the possibilities exceptE1
with DI50 or M11E2 ~d.61! with DI561. The posi-
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tive parity for the band 4 is proposed since the bandhe
decays via stretchedE2 transitions to the positive parity
ground state ~the positive parity is taken from the
systematics—see discussion of the band 2!. This gives the
spin/parity of the lowest band member as 19/21 rather than
21/21 as proposed in Ref.@5#. The same arguments are vali
for the 804-keV transition, although in this case only the si
of the polarization was determined. The 443-, 577-, 70
and 813-keV intraband transitions haveRDCO'1 and polar-
ization P.0.2 which are consistent with a stretchedE2
character. Also, stretchedE2 multipolarities are proposed fo
the 916- and 996-keV band transitions.

The multipolarities of the transitions placed below band
were determined from the DCO ratio only. For the 1062 ke
transition, theRDCO suggests mixed aM11E2 character
while the ratio for the 373-keV transition is consistent with
stretchedE1, and so 21/22 is proposed as the spin/parity fo
the intermediary level.

Band 5 is connected to the yrast structure by the 10
keV and the 1223-keV transitions withRDCO and polariza-
tion values consistent with stretchedE1 transitions. The 420-
keV and the 434-keV transitions connect band 5 with band
theseg rays haveRDCO values which suggestM11E2 tran-
sitions with uDI u51. This determines the spin of the lowe
member of the band to be 25/21. The DCO ratios for the
590-keV and the 737-keV transitions are consistent with
stretchedE2 character, and this assignment is also propo
for the 885-keV band transition.

Band 4 decays into band 2 via the 500-keV transition a
then through the 549-, 403-, and 236-keV band-2 transitio
to the bandhead. For all of these transitions, extrac
RDCO'1 ratios supported by positive polarizations sugg
stretchedE2 assignments, except for the 236-keV transiti
whose polarization was not determined. This implies that
bandhead spin is 3/2, with the positive parity taken from t
odd-even La systematics~3/21 ground states are reported fo
131La @15#, 129La @16#, and 123La @17#!. For the 681-,
650-, and 589-keV transitions of band 2,RDCO '1. Based on
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TABLE I. Observedg-ray transitions and spin and/or parity assignments for excited states in127La.

Energya @keV# DCO ratio Polarization I i
p → I f

p Multipolarity Band

175.9 0.7~3! 9/21 → 7/21 M1/E2 3
176.6 0.86~6! 7/21 → 5/21 M1/E2 2
194.2 0.36~6! 23/21 → 21/21 M1/E2 8
204.0 0.7~1! M1/E2
212.0 25/21 →
227.6 11/21 → 9/21 M1/E2 d 2
230.0
236.0 0.9~2! 7/21 → 3/21 E2 2
251.7 @11/21# → @9/21# M1/E2 d 11
252.4 1.01~2! b 15/22 → 11/22 E2 1
261.7 0.52~5! 25/21 → 23/21 M1/E2 9
263.7 0.45~3! 27/21 → 25/21 M1/E2 8
272.0 29/21 →
277.8 @13/21# → @11/21# M1/E2 d 10
295.6 → 25/21

312.2 @15/21# → @13/21# M1/E2 d 11
312.8 13/21 → 11/21 M1/E2 d 3
321.3 0.35~3! 29/21 → 27/21 M1/E2 9
332.7 @17/21# → @15/21# M1/E2 d 10
340.3 23/21 → 21/21 M1/E2 d 8
346.4 0.33~3! 31/21 → 29/21 M1/E2 8
352.4 1.0~3! 0.2~2! 9/21 → 5/21 E2 3
360.0 3.0~15! @9/21# → 7/21 M1/E2 10
372.9 0.50~14! 23/21 → 21/22 E1 4
376.8 @19/21# → @17/21# M1/E2 d 11
386.8 0.33~5! 33/21 → 31/21 M1/E2 9
403.4 1.0~1! 0.31~4! 11/21 → 7/21 E2 2
405.7 27/21 → 25/21 M1/E2 d 8
420.0 0.37~16! 25/21 → 23/21 M1/E2 5
426.7 0.9~2! 17/22 → @13/22# E2 d 6
432.6 0.55~9! 17/2 → 19/22 uDI u51
434.1 0.25~9! 29/21 → 27/21 M1/E2 5
443.3 1.01~9! .0.2 c 23/21 → 19/21 E2 4
458.4 1.01~2! b 19/22 → 15/22 E2 1
500.1 1.02~9! 0.4~1! 19/21 → 15/21 E2 4
519.0 7
525.0
525.2 27/21 → 23/21 E2 d 8
529.1 @13/21] → @9/21# E2 d 10
534.5 7
540.3 1.1~2! .0 c 13/21 → 9/21 E2 3
548.7 1.10~7! 0.4~2! 15/21 → 11/21 E2 2
558.2 19/21 → 17/2
561.5 1.1~2! 21/22 → 17/22 E2 6
563.1 1.0~2! 23/21 → 19/21 E2 8
568.0 29/21 → 25/21 E2 d 9
576.7 1.0~1! .0.3 c 27/21 → 23/21 E2 4
583.0
585.0 29/21 → 25/21 E2 d 9
589.2 1.0~3! @27/21# → @23/21# E2 d 2
589.9 @15/21# → @11/21# E2 d 11
590.1 0.92~7! 29/21 → 25/21 E2 5
601.0 27/21 → 27/22 E1 d 4
616.7 0.76~6! → 21/22 M1/E2 7
630.9 0.96~2! b 23/22 → 19/22 E2 1
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TABLE I. ~Continued.!

Energya @keV# DCO ratio Polarization I i
p → I f

p Multipolarity Band

644.7 @17/21# → @13/21# E2 d 10
649.7 0.9~3! @23/21# → 19/21 E2 d 2
653.2 0.9~2! E2 7
662.9 1.2~3! @17/21# → 13/21 E2 3
667.7 31/21 → 27/21 E2 d 8
680.8 1.1~1! .0 c 19/21 → 15/21 E2 2
683.0 → @17/21] 3
701.8 0.95~5! 0.3~3! 31/21 → 27/21 E2 4
726.2 0.8~2! 25/22 → 21/22 E2 6
733.4 33/21 → 29/21 E2 d 9
737.4 0.93~7! 33/21 → 29/21 E2 5
779.9 0.95~3! b 27/22 → 23/22 E2 1
781.0 7
790.6 @29/22# → 25/22 E2 d 6
803.7 1.11~14! , 0 c 23/21 → 23/22 E1 4
813.2 1.0~1! 1.0~2! 35/21 → 31/21 E2 4
850.0 21/22 → 23/22 M1/E2 d 6
879.3 @33/22# → @29/22# E2 d 6
885.3 @37/21# → 33/21 E2 d 5
891.2 0.38~8! 17/2 → 15/22 uDI u51
907.9 1.01~4! b 31/22 → 27/22 E2 1
915.8 @39/21# → 35/21 E2 d 4
919.1 0.18~9! -0.4~3! 17/22 → 19/22 M1/E2 6
950.8 0.64~18! -0.2~2! @13/22# → 15/22 M1/E2 d 6
991.3 1.13~15! -0.80~13! 19/21 → 19/22 E1 4
996.4 @43/21# → @39/21# E2 d 4
998.4 1.0~1! 0.4~3! 39/22 → 35/22 E2 1
1002.5 1.0~1! 0.2~2! 35/22 → 31/22 E2 1
1014.4 0.96~7! 43/22 → 39/22 E2 1
1034.1 0.49~12! .0 c 29/21 → 27/22 E1 5
1044.0 0.63~15! M1/E2 7
1061.5 0.28~6! 21/22 → 19/22 M1/E2
1207.8 0.4~2! 0.3~1! 29/21 → 27/22 E1
1213.4 0.5~2! 0.0~2! → 31/22 uDI u<1
1223.4 0.59~5! 0.3~1! 25/21 → 23/22 E1 5
1339.2 0.7~2! 0.6~3! → 27/22 uDI u<1
1365.1 0.54~11! 0.6~2! 25/21 → 23/22 E1 9
1377.2 1.8~5! 17/22 → 15/22 M1/E2 6
1382.8 0.49~7! 0.4~3! 25/21 → 23/22 E1
1394.1 0.50~8! 0.3~3! 21/21 → 19/22 E1 8
1479.9 1.0~2! 21/22 → 19/22 M1/E2 6
1502.1 0.4~2! uDI u<1 7
1539.7 0.51~8! 0.5~2! 21/21 → 19/22 E1 9
1575.8 0.8~3! 25/22 → 23/22 M1/E2 6
1577.5 7
1578.7

aUncertainty in transition energy60.2 keV.
bTransition used for the 53Ge polarimeter sensitivity calibration.
cThe exact value of the polarization cannot be determined because of the complex spectrum.
dTransition multipolarity not based onRDCO and polarization measurements~see text!.
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the positive polarization for the 681- keVg ray, a stretched
E2 transition is proposed, and stretchedE2 transitions are
suggested for the other cases as well. Spins and parities
band 3 are assigned based onRDCO values measured for the
177- and the 176-keV transitions~which suggestuDI u<1)
andRDCO and polarization values for the 352- and 540-ke
transitions~consistent with stretchedE2 character!.

Bands 10 and 11 form a strongly coupled structure. T
bands are too weak to extract any experimental informat
for the transitions, except anRDCO for the 360-keV transi-
tion. Based on this value, 9/21 is suggested for the band
head. A band with similar structure has also been obser
recently in 131Pr @18#.

The spin/parity assignments of band 6 are based on
RDCO measured for the 919-keV transition. Becau
RDCO50.18~9!, only a mixed M11E2 assignment with
DI561 is allowed~see Fig. 3!. The presence of the 1377
keV transition, which decays from the same excited state

FIG. 3. DCO ratios versus mixing ratiod calculated for the
different spin hypotheses for the 991-keV transition~458-keV gate!
in 127La. The spin alignment parameter was set tos/I50.3.

FIG. 4. Polarization versus mixing ratiod calculated for the
different spin and/or parity hypotheses for the 991-keV transition
127La. The spin alignment parameter was set tos/I50.3.
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the 919-keV transition, fixes the spin of this state to
17/22. The DCO ratios for the 427-, 562-, and 726-keV
transitions are consistent with stretchedE2 character. As-
suming a collectiveDI52 nature for band 6, 13/22 is pro-
posed for the lowest band member, although this spin assig
ment is tentative since other possibilities cannot b
experimentally excluded. StretchedE2 multipolarities are
also suggested for the 791- and 879-keV transitions. The sp
assignments proposed for band 6 differ from Ref.@9#.

A unique determination of the spins of band 7 from th
present experiment is impossible. TheRDCO of the 617-keV
transition suggests mixedM11E2 multipolarities. Based on
this information, the parity of band 7 is determined as neg
tive. The only information avaliable for the intraband transi
tions is anRDCO for the 653-keV transition, which is consis-
tent with a stretchedE2 assignment. The different spin
possibilities for the excited states are shown in the lev
scheme.

For the 194-, 262-, 264-, 321-, 346-, and 348-keV trans
tions, which belong to bands 8 and 9, the DCO ratios sugge
mixedM11E2 multipolarities with auDI u51 character. For
the other transitions, the statistics were too low to perform
the DCO analysis. The level scheme and the presence
connectingM11E2 transitions suggest that bands 8 and
form strongly coupled structures. The spin/parity of thes
bands were determined by the DCO and polarization me
sured for the 1365- and 1540-keV transitions, which are co
sistent with a stretchedE1 character. The assignment is con
firmed by theRDCO measured for the 563-keVg ray, which
favors stretchedE2 transition.

B. Spin/parity assignments for 125La excited states

Only limited information about high-spin states in125La
was known prior to this experiment. Three transitions as
signed to the yrasth11/2 band were seen in Ref.@2#. In the
present experiment, the yrast cascade was extended by f
new transitions and four new collective structures wer
found. The spins and/or parity assignments for125La were

in

FIG. 5. g-ray polarization spectra for the 458-keV stretchedE2
transition and the 991-keVE1 DI50 transition in127La.N' labels
the spectra with analyzers set perpendicular to the beam axis wh
Ni labels the spectra with analyzers set parallel to the beam axis
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FIG. 6. 125La level scheme.
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based mainly on the results of DCO analyses. For band stru
tures similar to those in127La, systematic arguments were
used. The data are summarized in Fig. 6 and Table II.

The DCO ratios extracted for all of theg rays belonging
to band 1~except 968 keV! are consistent with stretchedE2
transitions. The DCO ratios for the 1296- and 1336-keV tran
sitions side-feeding band 1 suggestuDI u<1 and are consis-
tent with stretchedE1 or mixedM11E2 multipolarities;
therefore, the parity of these two levels cannot be dete
mined, and only possible spin values are given in Fig. 6.

The similarity between band 4 in the125La and band 4 in
127La is strong. In125La, this band decays to band 1 via 930
and 786-keV transitions~which correspond to the 991- and
804-keV transitions in 127La!. For both transitions, the
RDCO is close to 1, which is consistent withI→I E1 transi-
tions as in127La. Band 4 consists of stretchedE2 transitions
which result from DCO ratios measured for the 459-, 556
669-, and 777-keVg rays. The decay paths from band 4 via
the 348- and 1041-keV transitions, the 504-, 425-, and 86
keV transitions, and the 930- and 786-keV transitions a
again very similar to the decay paths of band 4 in127La. The
DCO ratios for the 348- and 1041-keV transitions are con
sistent with stretched dipoles, which together with the sim
larity to 127La, suggest 21/22 for the intermediary level.

Band 5 is similar to band 5 in127La; it decays mainly to
the yrast band via the 1005-, 1170-, and 1293-keV trans
tions. Except for the 1170-keV transition, the DCO ratios ar
consistent with pure stretched dipoles. The decay path
band 4 is via the 384- and 407-keV transitions. TheRDCO for
the 384-keVg ray excludes multipolarities other thanM1
1E2 with uDI u51. The DCO ratios for the intraband tran-
sitions are in agreement with a stretchedE2 assignment, if a
two standard-deviation limit is allowed for the 579- and 711
keV transitions. Based on these arguments as well as on
similarity to 127La, it is proposed that band 5 consists o
stretchedE2 transitions with the lowest band member as
signed 21/21.
c-

-

r-

-

-,

2-
re

-
i-

i-
e
to

-
the
f
-

Band 4 decays to band 2 via a strong 495-keV transition
The RDCO for this transition is consistent with a stretched
E2. Polarization and DCO measurements for the correspon
ing transition in 127La support this assignment. The DCO
ratios for the 476-, 347-, and 296-keVg rays suggest
stretchedE2 transitions. If each of these four transitions
~296, 347, 476, 495 keV! are stretchedE2, then the spin/
parity of the bandhead is 3/21 in agreement with the odd-
even La systematics~see the discussion concerning the cor-
responding band in127La!. The consequence of such an
assignment is that the 635- and 871-keV transitions have
I→I , E1 multipolarity; the DCO ratios measured for these
g rays are in good agreement with these assignments. T
7/21 level of band 2 decays via the 168 keV transition to a
level which corresponds to the 5/21 member of band 3 in
127La. Thus a 5/21 assignment is proposed for this level.
The 796-, 1232-, and 1328-keVg rays depopulating band

6 have DCO ratios which are consistent withuDI u<1 and
mixed M11E2 multipolarities. The 532-, 647-, and 741-
keV g rays haveRDCO values consistent with stretchedE2
transitions. These data suggest negative parity and a deco
pled structure for band 6, as proposed for the correspondin
band in 127La. Branching ratios for125La, 127La are pre-
sented in Tables III and IV.

IV. DISCUSSION OF ROTATIONAL STRUCTURES

A. Pairing-deformation self-consistent TRS model

The experimentally observed rotational structures in
125,127La are discussed using the recently developed pairing
deformation self-consistent total Routhian surface~SC-TRS!
model @19,20#. The underlying idea of the TRS model is
based on the shell correction method of Strutinsky@21#.
Within this model, the total Routhian of the nucleus~energy
in the rotating frame! is calculated as a sum of a macroscopic
part ~employing the liquid drop model of Ref.@22#! and a
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TABLE II. Observedg-ray transitions and spin and/or parity assignments for excited states in125La.

Energya @keV# DCO ratio I i
p → I f

p Multipolarity Band

167.6 0.91~7! 7/21 → @5/21# M1/E2 2
240.4 1.03~2! 15/22 → 11/22 E2 1
296.4 1.01~7! 7/21 → 3/21 E2 2
347.4 0.98~5! 11/21 → 7/21 E2 2
347.6 0.50~8! 23/21 → 21/22 E1 4
384.2 0.20~14! 25/21 → 23/21 M1/E2 5
404.9 0.56~10! → 25/21 uDI u<1
406.7 29/21 → 27/21 M1/E2 b 5
408.7 1.1~1! 17/22 → @13/22# E2 6
425.4 0.36~4! 17/2 → 19/22 uDI u51
436.4 0.98~2! 19/22 → 15/22 E2 1
459.2 1.02~6! 23/21 → 19/21 E2 4
476.4 1.00~5! 15/21 → 11/21 E2 2
480.4 1.05~16! 25/21 → 21/21 E2 5
495.3 0.98~5! 19/21 → 15/21 E2 4
504.2 0.50~8! 19/21 → 17/2 uDI u51 4
529.2 1.0~3!

532.3 1.03~10! 21/22 → 17/22 E2 6
533.0 1.6~6!

556.4 0.97~8! 27/21 → 23/21 E2 4
579.3 0.8~1! 29/21 → 25/21 E2 5
603.6 0.98~5! 23/22 → 19/22 E2 1
610.3 1.1~1! 2
634.2 2
635.3 1.0~1! 11/21 → 11/22 E1 2
646.8 0.97~6! 25/22 → 21/22 E2 6
669.3 1.00~8! 31/21 → 27/21 E2 4
678.4
681.5 1.37~16! → 15/21 2
711.0 0.8~1! 33/21 → 29/21 E2 5
740.9 0.95~17! 29/22 → 25/22 E2 6
744.2 1.03~8! 27/22 → 23/22 E2 1
747.7
777.3 1.01~9! 35/21 → 31/21 E2 4
785.8 1.01~12! 23/21 → 23/22 E1 4
795.9 0.42~10! 17/22 → 19/22 M1/E2 6
806.2 → 19/22

815.7 @33/22# → 29/22 E2 b 6
817.4 → 27/22

823.4 @13/22] → 15/22 M1/E2 b 6
840.1 @37/21# → 33/21 E2 b 5
851.8 0.94~4! 31/22 → 27/22 E2 1
862.2 0.10~3! 17/2 → 15/22 uDI u51
871.0 1.04~19! 15/21 → 15/22 E1 2
876.8 @39/21# → 35/21 E2 b 4
919.6 0.99~5! 35/22 → 31/22 E2 1
930.1 1.12~13! 19/21 → 19/22 E1 4
968.3 @39/22# → 35/22 E2 b 1
1005.3 0.50~4! 29/21 → 27/22 E1 5
1041.5 0.47~3! 21/22 → 19/22 M1/E2
1064.4 @13/22# → 11/22 M1/E2 b 6
1132.6 → 19/22

1169.9 0.33~2! 25/21 → 23/22 E1 5
1208.0 → 23/22

1232.2 0.75~10! 17/22 → 15/22 M1/E2 6
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TABLE II. ~Continued.!

Energya @keV# DCO ratio I i
p → I f

p Multipolarity Band

1242.0 → 15/22

1292.9 0.53~7! 21/21 → 19/22 E1 5
1296.0 0.40~17! → 27/22 uDI u<1
1327.9 0.82~9! 21/22 → 19/22 M1/E2 6
1336.0 0.47~8! → 23/22 uDI u<1
1352.0 → 19/22

1371.0 25/22 → 23/22 M1/E2 b 6
1568.8 0.30~17! → 15/22

aUncertainties in transition energy60.2 keV.
bTransition multipolarity not based on DCO analysis~see text!.
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microscopic correction accounting for shell effects and p
correlations. The total Routhian can be written as

Ev~Z,N,b̂ !5Ev50~Z,N,b̂ !1$Ĥv~Z,N,b̂ !

2Ĥv50~Z,N,b̂ !%, ~4!

whereEv50(Z,N,b̂) represents the liquid drop energy, th
single particle shell correction, and pairing energy at fr
quency zero. The term in the bracket of Eq.~4! describes the
change in energy due to rotation. The total Routhian is c
culated on a grid in deformation space, including quadrup
(b2), triaxiality (g), and hexadecapole (b4) degrees of free-
dom, and then minimized with respect to the shape para
eters to obtain equilibrium deformations.

In the standard version of TRS, self-consistency is th
related only to the shape degrees of freedom while pair
correlations are treated approximately. The model used h
extends the self-consistency requirement to the partic
particle channel. To avoid the well known problems of
sharp superfluid-to-normal phase transition and to make
calculations feasible in a wide frequency range, correlatio
going beyond the independent quasiparticle scheme~IQ!
must be added. Therefore, we restore approximately the p
ticle number symmetry using the ideas of Lipkin, Nogam
and co-workers~LNC! @23#, that recently have been ex
tended to the cranking model@24,25,19#.

It has been known since the early work of Migdal@26#
that the time-odd components of the nuclear mean field a
pairing field are of crucial importance for the moments
inertia. The lowest order Migdal term due to the pairing fie
emerges from quadrupole pairing. The importance of th
term has already been discussed by several authors@27–30#.
However, in the case of models based on the deformed m
field, special care has to be taken to avoid the spurious sh
dependence of quadrupole pairing. To satisfy this requi
ment we use here the quadrupole pairing interaction defin
by ‘‘double-stretched’’ generators~see Ref.@20# for details!.

Our model Hamiltonian is based on the deformed Wood
Saxon potential@31# employing seniority and quadrupole
pairing as a two-body interaction. Two different parametriz
tions of the Woods-Saxon potential are used. These pot
tials are denoted as WS-C for the parametrization of Ch
urnov @32# and WS-U for the so-called universa
parametrization of@33#. A comparative study of the results
for the two parametrizations allows us to draw certain co
air
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clusions concerning the quality of the single-particle spe
trum. The strength of the seniority pairing is calculated usin
the average gap method of Ref.@34#, while the strength of
the quadrupole pairing interaction is calculated se
consistently according to the method proposed in Ref.@35#.
The model is thus free from adjustable parameters.

The LNC method, being an approximation to the partic
number projection, is a step beyond the independent qua
particle scheme. The formulation of this method, howeve
allows one to find approximate solutions in the odd-A sys-
tems by using formally the language of independent qua
particle excitations. Hence one can form quasiparticle ex
tations on top of the LNC solutions that are constrained
^N̂&5odd number~see Ref.@36#!. This is of particular im-
portance when studying the problem of diabacity of nucle
motion. Indeed, it appears extremely difficult to calcula
self-consistent diabatic energy surfaces for blocked config
rations while construction of such surfaces for approxima
solutions seems to be considerably easier. In the era of n
detector arrays allowing for complete spectroscopy, the n
cessity of having a good diabatic model is unquestione
Therefore, one of the issues that will be addressed here is
quality of approximate solutions.

In the following sections, the discussion will be focusse
on 127La, since the the structure of125La is very similar. The
differences between the two La isotopes will be address
later.

B. Negative-parity bands

Three negative parity bands were identified in the prese
experiment in127La. Similar structures, populated to highe
spin, were observed by the Chalk River group@9#. This high-
spin work will also be included in the theoretical compar
sons.

For band 1, theIp511/22 bandhead is assigned to be th
proton @550#1/22 deformed Nilsson state originating from
the sphericalph11/2 intruder subshell. Rotational bands in
volving the h11/2 proton orbital are commonly observed in
theA;120–130 mass region. The aligned angular mome
tum is almost constant ati'5\, implying that the motion of
the odd proton can be regarded as decoupled from the ev
even core. An upbend that is associated with the alignmen
a pair ofh11/2 neutrons occurs at\v'0.5 MeV. In the same
frequency region, band 1 is crossed by band 4.
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TABLE III. Branching ratios for the127La excited states.

I i Eg1 @keV# Eg2 @keV# I g1/I g2 Band I i Eg1 @keV# Eg2 @keV# I g1/I g2 Band

7/21 176.6 236.0 6.3~6! 2 25/22 1575.8 726.2 1.0~2! 6
11/21 227.6 403.4 0.17~1! 2 1577.5 534.5 1.7~4! 7
13/21 312.8 540.3 0.12~3! 3 519.0 616.7 0.41~4! 7
17/2 432.6 891.2 0.54~7! 23/21 194.2 340.3 1.5~2! 8
19/21 991.3 500.1 1.99~6! 4 23/21 563.1 340.3 1.1~2! 8
19/21 558.2 500.1 0.49~2! 4 27/21 263.7 525.2 4.0~4! 8
23/21 803.7 443.3 0.41~2! 4 27/21 405.7 525.2 0.63~8! 8
23/21 372.9 443.3 0.10~1! 4 31/21 346.4 667.7 2.1~3! 8
27/21 601.0 576.7 0.10~1! 4 25/21 212.0 261.7 0.79~6! 9
25/21 420.0 1223.4 0.21~3! 5 25/21 1365.1 261.7 0.71~8! 9
29/21 434.1 590.1 0.22~3! 5 29/21 321.3 585.0 3.9~5! 9
29/21 1034.1 590.1 0.61~7! 5 29/21 568.0 585.0 0.9~2! 9
17/22 919.1 426.7 0.97~13! 6 29/21 272.0 585.0 0.8~2! 9
17/22 1377.2 426.7 1.18~14! 6 @13/21# 277.6 529.1 1.8~2! 10
21/22 850.0 561.5 0.20~6! 6 @17/21# 332.7 644.7 2.0~8! 10
21/22 1479.9 561.5 0.55~12! 6 @15/21# 312.2 589.9 1.6~3! 11
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Figure 7 shows the results of our theoretical calculatio
~small symbols! for the lowest one-quasiproton
(p52,a571/2) configurations, wherep,a denote parity
and signature quantum numbers, respectively. In the l
guage of the cranked shell model, the lowest configuratio
of (p52,a571/2) are often labeledE(F), respectively.
The left panel presents the calculated total Routhian,ev,
versus rotational frequency while the right panel shows t
angular momentum,̂I x&, as a function of\v. The figure
shows the results of both self-consistent and non-se
consistent calculations~see the figure caption for further de
tails!.

The absolute energy scale of the calculations is not de
mined but the excitation energy is relevant. The agreem
between the data~band 1! and results of the self-consisten
calculations (E) is remarkably good~see Fig. 7!. Note that
the relative difference between experimental and theoret
Routhians is of the order of 200 keV over the whole fr
quency range considered. The crossing frequency seem
be slightly underestimated while the yrast-yrare interaction
somewhat too large when compared to the data. The ca
lations predict a prolate shape of the nucleus withb2'0.26
~predictions for the WS-C potential! until the nh11/2 align-
ment. The126Ba ‘‘core’’ is extremelyg soft. The occupation
of theh11/2 orbital by the odd proton makes the prolate min
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mum deeper, but the shape remains still rather soft in
low-frequency region, as shown in the TRS plot of Fig.
The aligning neutrons drive the nucleus towards a less e
gated and slightly triaxial shape (b2'0.22,g'25° at
\v50.60 MeV!. The resulting deformation versus fre
quency trajectories are very similar for both WS-C a
WS-U potentials.

The non-self-consistent solutions also offer a reliable a
proximation to the data. Nevertheless, the relative differen
between theoretical and experimental Routhians increa
with frequency. The sudden drop of the non-self-consist
value ofev seen at\v'0.3 MeV is directly related to the
alignment of a pair ofh11/2 protons taking place at that fre
quency for anodd-Z core. The non-self-consistent treatmen
of the blocked quasiparticle used here does not allow one
fully remove the effect of the changing pairing gapD and
Fermi level l. On the other hand, the calculated angu
momentum follows rather closely the experimental findin
over the whole frequency region.

In the analysis of the excited negative-parity bands, c
tain problems occur. Within the limit of the independent qu
siparticle model, the low-lying negative parity bands mu
involve an orbital originating from theph11/2 subshell.
Therefore, the lowest band of negative parity and signat
a511/2 is expected to be built upon the unfavored sign
TABLE IV. Branching ratios for the125La excited states.

I i Eg1 @keV# Eg2 @keV# I g1/I g2 Band I i Eg1 @keV# Eg2 @keV# I g1/I g2 Band

7/21 167.6 296.4 0.66~3! 2 25/21 480.4 1169.9 0.33~5! 5
11/21 635.3 347.4 0.20~4! 2 29/21 406.7 579.3 0.28~10! 5
15/21 871.0 476.4 0.10~1! 2 29/21 1005.3 579.3 0.72~9! 5
17/2 425.5 862.2 0.7~2! @13/22# 823.4 1064.4 0.6~2! 6
19/21 930.1 495.3 0.22~1! 4 17/22 795.9 408.7 0.40~7! 6
19/21 504.2 495.3 0.08~1! 4 17/22 1232.2 408.7 1.33~13! 6
23/21 785.8 459.2 0.11~1 ! 4 21/22 1327.9 532.3 0.40~6! 6
25/21 384.2 480.4 0.24~6! 5 25/22 1371.0 646.8 0.14~4! 6
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ture of thep@550#1/22 orbital. The theoretical prediction
concerning this band is shown in Fig. 7. The calculated a
experimental bands do not match, independent of spin
signment.

The good agreement between experiment and theory
band 1, as well as for different positive parity bands~see next
subsection!, suggests that the structure of the negative-par
sidebands involves degrees of freedom beyond our mode
the case of 126Ba, the low-lying vibrational~quasivibra-
tional! states have been observed@37#. It is hence possible
that the excited negative-parity side bands are built upon
g phonon coupled toph11/2 as seen in other odd-A isotopes,
especially since our calculations predict quite a pronounc
softness at low frequencies~see Fig. 8!. To further pursue
this question, detailed calculations of a particle-vibratio
coupling type are needed.

C. Positive-parity bands

A simple inspection of the single-particle levels of th
Woods-Saxon potential suggests that several positive-pa
Nilsson states are accessible for the odd proton depending
deformation. These are the@420#1/21 and @422#3/21 Nils-

FIG. 7. Theoretical and experimental Routhians~left panel! and
angular momentum̂I x& ~right panel! versus\v for negative parity
bands in127La. Experimental data for band 1~band 6! are denoted
by filled ~crossed! squares. The results of self-consistent~SC! cal-
culations for the lowestE(F) configuration are denoted by open
circles ~stars!, respectively. The non-self-consistent curves corr
spond to configurationE. The calculations have been done usin
the WS-C potential.

FIG. 8. Total Routhian surfaces calculated at frequen
\v50.12 MeV for 126Ba and127La ~configurationE and configu-
ration B!. The distance between contour lines corresponds to 2
keV.
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son states forming the pseudo-spin doublet@321#̃, the
@411#3/21, and @404#9/21 states. Figure 9 shows quasipro
ton Routhians calculated at a fixed, moderate deformation
b250.25. At zero frequency the one-quasiproton states fo
a quadruplet of states with an energy splitting of the order
only 200 keV. At this particular deformation the lowest one
quasiproton excitations involve, in order of energy
@422#3/21,@420#1/21,@411#3/21, and @404#9/21 states, re-
spectively. However, if a change of deformation or the rea
justment of the single particle spectrum of the Woods-Sax
potential is made, the order of these excitations can be ea
changed. In fact, at small deformation the@411#3/21 state is
pushed down in energy, while for larger deformation, th
@404#9/21 state comes closest to the Fermi level. Moreove
deformed states originating from thed5/2 andg7/2 shells are
strongly mixed through the deformed mean-field and Cori
lis force. Consequently, the structure of the positive-pari
bands~especially bands 2 and 3! at low excitation energies
cannot be explained unambiguously. This issue will be d
cussed further.

Bands 10 and 11

Several of the positive-parity states can be characteriz
rather uniquely by their distinct features. The@404#9/21

state leads to a pair of strongly coupled bands, starting w
I5K59/2, with no signature splitting and dominated b
DI51 dipole transitions. According to our model, the
@404#9/21 state should come down in energy at large defo
mations. The only candidates for this structure are bands
and 11 in 127La. Such bands were not observed in125La.
This suggests that the neutron shell structure favors som
what larger deformation forN570 than forN568. In con-
trast, the WS-C calculations show a pronouncedN568 de-
formed shell gap. Consequently, thepg9/2 band calculated by

e-
g

cy

00

FIG. 9. Proton quasiparticle Routhians as a function of rot
tional frequency calculated at a constant, moderate deformat
b250.25. The following line pattern for different parity-signature
(p,a) combinations has been used: solid~dotted! line for ~1,6);
dash-dotted~dashed! lines for~–,6), respectively. The positive par-
ity Routhians are denoted by asymptotic Nilsson quantum numb
of the dominant component in the wave function calculated
\v50.6 MeV. The quasiparticle excitations are constructed on t
of the ^Z&557 vacuum. The drop of the quasiparticle Routhians
\v'0.3 MeV is caused byph11/2 alignment being unblocked in
this formalism~see text for details!.
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148 53K. STAROSTAet al.
use of this potential is lowest in energy for both125La and
127La, contrary to experimental findings. The experiment
data seem to be better reproduced by the WS-U potential
this case the less deformed minima are favored and
@404#9/21 band is pushed up in energy.

Moreover, due to the combination of theN568 gap of the
WS-C potential and the well deformedZ558 gap ~the
single-particle proton spectra of both WS-C and WS-U p
tentials are very similar!, well-deformed negative-parity
structures appear too low in energy both in125La and
127La. For example, in127La a well-deformed negative-
parity band of signaturea521/2 is predicted to be yrast
above\v;0.45 MeV @most probably, it is crossed by the
lowest (p51,a521/2) band at very high frequencies, bu
our calculations stop at\v50.60 MeV#. Obviously, such a
scenario is not supported by the experimental data. For
WS-U potential, a well-deformed band is calculated to b
come yrast first at the highest observed frequencies. In c
clusion, the present set of data do not support the presenc
a deformedN568 gap, suggesting that the single-partic
spectrum of the WS-U potential is more realistic. One has
bear in mind, however, that due to the very large radius p
rameters, the use of the WS-U potential requires furth
renormalization of the Strutinsky moment of inertia~see,
e.g., Ref.@38# for details!. Unfortunately, such a renormal-
ization is not unambiguous especially in the presence
strong pairing correlations.

Bands 4 and 5

At higher angular momentum, the band built on the f
vored signature (a521/2) of the@422#3/21 state (g7/2) is
calculated to be lowest in energy. The signature partner
this band is calculated to be higher than the band built on
favored signature (a511/2) of the @420#1/21 state (d5/2)
~see Fig. 10!. Both features are weakly dependent on defo
mation. Consequently, at high spins, bands 4 and 5 are in
preted asp@422#3/21

^ p(EF) and p@420#1/21
^ p(EF),

respectively ~see also the discussion in Ref.@39#!. One
should stress that the@422#3/21 and @420#1/21 Nilsson

FIG. 10. Theoretical and experimental Routhians~left panel!
and angular momentum̂I x& ~right panel! versus\v for positive
parity bands in127La. The Routhian of the negative parity band 1
which is yrast over a wide frequency range, is shown for compa
son. Filled symbols represent theoretical points, with squares for
lowestE(p52,a52

1
2!, triangles for theA(p51,a51

1
2!, and

circles for theB(p51,a52
1
2! configurations. The calculations

have been done using the WS-U potential.
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states form a pseudo-spin multiplet@321#̃ and therefore are
strongly mixed. Closer examination of the wave functio
shows that the@420#1/21 component of band 5 is dominan
over a very wide frequency region. For band 4, our calcul
tions predict a substantial mixing of the@422#3/21 and the
@420#1/21 states and, at very high frequencies, also with th
@431#1/21 (g7/2) state.

The decay pattern of bands 4 and 5 seems to support
scenario. Note that band 5 decays to band 1 viaE1 transi-
tions and to band 4 through mixedM1/E2 transitions. An
enhancement ofE1 transitions is a direct signature of stron
octupole mixing between these bands@40#. Indeed, the
^@420#1/21ur 3Y30u@550#1/22& matrix element is allowed by
the asymptotic quantum numbers and therefore one can
pect enhancedE1 transitions between bands 1 and 5. A
mentioned above, band 4 is calculated to contain a subst
tial admixture of@420#1/21. Therefore bothM1/E2 transi-
tions between bands 4 and 5 as well asE1 transitions be-
tween bands 4 and 1 are allowed.

Bands 2 and 3

The interpretations of bands 2 and 3 in127La and band 3
in 125La reveal some interesting features. In127La, band 4
decays to band 3 by a very weakE2 transition, while in
125La the analogous transition is much stronger. Moreove
the I x vs \v curve in 125La shows a curvature characteristic
of a low frequency shape change, while in127La the rotation
seems to be regular. The decay pattern thus indicates dif
ent microscopic structure for bands 2-3 and 4-5. In terms
the simple single-particle picture, the lowest positive-pari
bands at small/moderate deformation involve the@411#3/21

Nilsson state. Here, the protonh11/2 orbits are empty. Due to
the strong Coriolis coupling of the high-j orbitals, the proton
h11/2 orbital is approaching the Fermi surface rapidly. On
thus expects the@411#3/21 ‘‘particle’’ state to be crossed at
rather low frequency by@422#3/21-@420#1/21 ‘‘hole’’ states,
coupled to the alignedh11/2 protons. In the presence of pair-
ing correlations, both the occupation of theh11/2 orbital and
the classification in terms of particle/hole excitations are n
very sharp, but the underlying physics might still be valid
This scenario accounts for the weak decay of bands 4 an
into bands 2 and 3 as well as the unexpectedly low cross
frequency @37#. In the case of125La, it implies that the
nucleus undergoes a very early shape change leading
strong admixture of@411#3/21 and @422#3/21 states. Since
we do not calculate each state diabatically, this scenario
our calculations cannot be confirmed.

Bands 8 and 9

Experimentally, there is another pair of strongly couple
bands connected via strongM1 transitions, namely bands 8
and 9. No connecting transitions to bands 10 and 11 a
observed. The decay goes mainly into bands 1 and 2.
order to calculate microscopically bands 10 and 11, it is ne
essary to block excited quasiparticles. This is impossible
the present version of our model. Therefore, we give only
qualitative explanation and assignment based on signat
splitting arguments extracted from calculated quasipartic
Routhians~see Fig. 9!. It is clearly visible from the figure
that the only proton orbital having strongly coupled band

,
ri-
the



on

-
ly
f

5.
e
nal
ns
-
e-
n,
-

le

vi-
el.
-
er
of
d.

e

c-
ty

al

53 149BAND STRUCTURE OF THE ODD-EVEN125La, 127La NUCLEI
~beyond @404#9/21) is the @411#3/21 orbital. One should
note that, according to the calculations, the small signat
splitting for the@411#3/21 orbital at low frequencies disap-
pears after theph11/2 alignment. This observation is only
weakly dependent on deformation. In contrast, the excitat
energy of the@411#3/21 band is strongly deformation depen
dent. The@411#3/2 orbital becomes more favored at smalle
deformation. In the simple particle-hole picture, bands 8 a
9 differ from bands 2 and 3 in terms of a two-particle, two
hole excitation into theh11/2 subshell, which might explain
the weak decay into band 2.

V. SUMMARY

The properties of the125La and 127La nuclei have been
investigated using the methods of in-beamg-ray spectros-
copy. In addition to the standardg-g coincidences and DCO
analyses, linear polarizations ofg rays were measured for
unique spin and/or parity assignments. A number of colle
tive bands were identified in the experiments.

The observed structures were analyzed using a pairi
deformation self-consistent total Routhian surface model
detailed discussion of collective structures is given in t
text, where the concentration is on the generic features of
model. First, the overall excitation energy scheme is rath
well reproduced~aside from the negative-parity sidebands!.
Nevertheless, at low frequencies the underlying Nilsson co
figurations could not be uniquely assigned. This could
attributed to the quasiparticle-vibration coupling and/or
the quality of the single-particle spectrum of our Wood
Saxon potential. In fact the calculations indicate quite pr
nouncedg softness both for positive- as well as negativ
parity bands suggesting that the coupling to vibration
degrees of freedom can indeed be of importance. The in
ence of the single-particle spectrum on the results of o
calculations is best visualized for the@404#9/21 band which
was calculated to be yrast for the version involving th
WS-C potential, in disagreement with experimental da
Also the @411#3/21 Nilsson orbital seems to be placed to
ure
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high in energy, causing certain problems in the interpretati
of bands 2 and 3.

At high rotational frequencies, the model works remark
ably well. The positive-parity bands 4 and 5 are unique
interpreted as involving the favored signatures o
p@422#3/21

^ (EF) andp@420#1/21
^ (EF) configurations.

Interestingly, @422#3/21 and @420#1/21 Nilsson orbitals
emerge from the pseudo-spin multiplet@321#̃ that at least
qualitatively, seem to support the decay pattern of band
Theph11/2 band is also well reproduced both concerning th
Routhian as well as the angular momentum versus rotatio
frequency. Note also that the non-self-consistent calculatio
performed for this band offer a relatively good approxima
tion to the data. Such calculations give much better agre
ment for the angular momentum than for the Routhia
which shows an artificial drop due to the ‘‘unblocked’’ align
ment of a pair ofh11/2 protons.

The negative-parity sideband~including ambiguities in
spin assignment! cannot be explained as a one-quasipartic
band built on the unfavored signature of theph11/2 orbital.
Again, the disagreement seems to have its source in the
brational degrees of freedom which are beyond our mod
This problem, as well as the analysis of low-spin positive
parity bands and electromagnetic properties, will be furth
investigated in our forthcoming article where the results
the core-quasiparticle model calculations will be presente
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